A method which uses the coasting beam at the injection energy to scan the aperture in a large accelerator such as the Main Accelerator at Fermilab will be described. This scanning procedure serves two purposes. It provides a record of the aperture size around the entire accelerator which can be used for future reference and comparison. And it is highly useful in locating beam obstructions which may be caused by a collapsed vacuum chamber or some small object in the chamber to within a few meters. A high degree of accuracy has been achieved in finding and removing even very small obstructions. This method uses several computer programs, the main accelerator correction dipoles and beam position detectors, and some simple calculations.
Introduction
In order to achieve optimum performance from an accelerator, the useful aperture available to the beam must be kept at a maximum. For a large accelerator as at Fermilab, where the aperture is approximately 4 cm in height, 11 cm in width and 6 km in circumference, maintaining the aperture at or near maximum has required considerable effort and has resulted in some useful techniques for monitoring and detecting aperture restrictions.
Accelerator Components
The Fermilab main accelerator lattice is composed primarily of 84 normal cells. Each cell is approximately 195-feet long and is composed of a horizontally focusing quadrupole, four bending magnets, a horizontally defocusing quadrupole and four additional bending magnets (Fig. 1) beam through the full range of the bump while plotting the beam position signal at the bump center versus the circulating beam intensity shortly after injection, the local width or height of the aperture can be measured and recorded (Fig.3) . (Fig.4) . The cell in which the obstacle exists can be located by using overlapping horizontal bumps covering the suspicious 3.14 (1) Obstacle Search
Aperture scan plots would occasionally be observed that were exceptionally narrow or had large dips (Fig.4) indicating an obstruction in the vacuum chamber. Figure 6 melted by the beam and are highly radioactive. Within minutes after intensive beam bombardment the activity, measured on the surface of the magnet, is 10 to 40 mrad and decays rapidly with a halflife of about 30 minutes.
Other obstructions have been due to partially collapsed vacuum chambers, debris from accidental breaks in the vacuum system, and from poor alignment of old and new installations. A partially collapsed vacuum chamber inside a magnet sometimes requires inspection through end windows while the chamber is under vacuum since the collapsed portion may tend to return to normal when at atmospheric pressure.
However, at high intensities holes have been burned through such vacuum chambers.
